Vapor diffusion was studied from volatile liquids of ethanol blend gasoline. The studying was conducted at two operating temperatures of 40 and 50 oC and blending of 0, 5, 10, 20, 30, 40, and 100 % by volume ethanol. The diffusion coefficients of the blend showed an increase in diffusion coefficient in air with increasing temperature and % of ethanol added. The diffusivity coefficient of gasoline -ethanol followed the following polynomial equations:
Introduction
Gasoline is a refined product from crude oil. It is a mixture of different hydrocarbons. It is considered a volatile or has high tendency to vaporize, and this is will allow easy starting and drivability when the engine is cold. Extremely high volatility of gasoline will fail in combustion process inside the engine because of converting the liquid to vapor in the fuel line and this is regarded as a vapor lock. Gasoline might evaporate from fuel tank in hot climate and diffuse in air and this will affect the health and environment. Refineries control and regulate the vapor pressure of gasoline by distillation. Gasoline in the United States contains up to 10% ethanol by volume (E10); although Environmental Protection Agency (EPA) has already begun allowing to produce E15 [1] . This may increase the amount of blending ethanol to gasoline. In Canada some provinces allow to have up to 10% ethanol. The use of ethanol in gasoline has become a worldwide tendency to reduce the net CO 2 emissions to the atmosphere, increasing gasoline octane rating, and reducing dependence on petroleum products [2] . Ethanol has higher heat of vaporization than gasoline (Table1) [3] . This makes the temperature of the intake manifold lower, which increases air-fuel mixture density and increasing the engine's volumetric efficiency. This will cause lower combustion temperatures and burning velocities, which could potentially cause higher CO and HC emissions. From Table  1 , it is clear that the Reid Vapor Pressure (RVP) is much lower than that of gasoline, and this will lower VOCs emissions during pumping processes. The vapor pressures of high-octane gasoline varied with temperature. The vapor pressure is s increasing with temperature. The enthalpy of vaporization can be calculated using Clausius-Clapeyron equation for the evaporation process: (1) where p is the vapor pressure at temperature T; ∆H vap is the enthalpy of vaporization (supposed to be constant). The plot of the logarithm of ethanol-gasoline mixture vapor pressure versus inverse thermodynamic temperature can be estimated [4] . The straight line was obtained from the plot of the logarithm of vapor pressure against the reciprocal of the absolute temperature. The enthalpy of vaporization is changed with % ethanol content [5 and 6] . Maximum vapor pressure occurs with 20% ethanol-gasoline blend at which a positive azeotrope is formed [2] . The trend is different in enthalpy of vaporization. Such a trend is true up to 20%; the value then decreases a little and appears to flatten out between E30 and E60. After E60, it begins to increase again. New restriction regulations were applied for gasoline particulate matter emission from spark-ignited engines and increasing ethanol content in gasoline. Ethanol addition leads to limit particulate emissions. It has a positive effect on exhaust NOx emission reduction. For higher loads, exhaust CO emissions are reduced with ethanol addition. Ethanol addition improves combustion robustness to spark advance, start of injection timing and spark plug penetration in the combustion chamber. However, when decreasing load and engine speed, ethanol has a negative effect on the indicated efficiency. This is due to enhanced wall heat transfers with ethanol blends since a longer spray penetration may lead to combustion closer to the walls of the combustion chamber [6] . Biofuel is ethanol-gasoline blend. High octane number of ethanol makes it a high knock resistant fuel [7] . Due to ethanol's high sensitivity, knock-limited performance improved to a much greater extent with increasing ethanol content as combustion phasing was retarded. Increasing ethanol content increased the knock-limited performance before enrichment was required to control exhaust gas temperature. The RON ratings of the fuels did not fully reflect the observed knock resistance of mid-to-high level ethanol blends (E20 and higher). Biofuel has a profound effect on the evaporation characteristics of the mixture. Thermodynamic properties of the blends can be significantly different than the constituents. The clear understanding of the biofuel properties is important to optimize engine design [8] . Most biofuel work is related to PM and low ethanol blend percentages (<20 vol. %). Ethanol was shown to reduce the aromatic species in an ethylene premixed flame for concentrations up to 10% by mass [9] [10] [11] . However, in nonpremixed ethylene flames, the ethanol addition increasing soot production for the same concentrations [12, 13] . Similar observation was shown by [7] . Increasing soot formation for low concentration ethanol blends with ethylene in a counterflow diffusion flame but saw a decrease when the ethanol content exceeded 20% by mass. Similar results were found with higher hydrocarbons. The increasing of benzene in a counter-flow diffusion propane flame with 10% ethanol addition by volume, followed by a decrease when ethanol concentration was increased to 15% [14] [15] . Experiments with toluene, isooctane, n-heptane, and gasoline showed similar trends [16] [17] [18] [19] [20] . There are many benefits of adding ethanol to gasoline to be a biofuel. It reduces net CO 2 emissions to the atmosphere, increasing gasoline octane rating and reducing dependence on petroleum products although many problems achieved with this addition such as the corrosivity of ethanol when there is a contact with certain materials in fuel storage and delivery systems including some rubber compounds and zinc and aluminum alloys which used in the carburetors. Ethanol can dry out the rubber components in a fuel system which can lead to cracking and brittle fuel lines, floats, seals and diaphragms. Ethanol is hygroscopic material. Water can enter fuel containers during filling up. This may cause corrosion of internal parts. Ethanol can act as solvent which dissolve the varnish and other deposits in tanks and lines [21] . This material can clock the fuel injection system. The air pollution information for ethanol gasoline blends is shown in [21 and 22] . This work shown that carbon monoxide is decreased for E10 and then no further improvement for E15 and E20. It reduces the ability of blood to carry oxygen to body tissues and vital organs; aggravation of heart disease. The Particulate matter is significant increases due to corn ethanol production compared to conventional gasoline. The particular matter has an effect on aggravation of respiratory and cardiovascular disease; decreased lung function; increased asthma; premature death; environmental influence: impairment of visibility, effects on climate.
Molecular diffusion is defined as the random motions of molecules through different fluids which finally forming homogenous mixture. Usually, according to mass transfer phenomena, diffusion occurs from high concentration regions to low concentration regions. Many factors are affecting diffusion such as temperature, pressure and molecular weight of the material. Diffusion becomes faster at high temperature, low pressure, and low molar mass. The diffusivity of the vapor of a volatile liquid in air can be conveniently determined by Winklemann's method in which liquid is contained in a vertical capillary tube, maintained at a constant temperature, and an air steam is passed over the top of the tube to ensure that the partial pressure of the vapor is transferred from the surface of the liquid to the air stream by molecular diffusion. The rate of mass transfer is given by [23] and [24] :
Considering the evaporation of the liquid:
Thus ( ) = ( ) ( )
Integrating and putting L=Lo at t=0
L-Lo can be measured accurately using the electronic microscope.
(L-Lo) at time t = is the difference in height of the level between the initial level and level at any time t.
(L-Lo) (L-Lo+2Lo) = ( 2 ) ( )
Rearranging to solve for − − = ( 2 ) ( ) ( − ) + ( )
If m is the slope of the graph of − versus (L-Lo), then:
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Diffusion coefficients, along with other parameters, are required inputs to some environmental transport or risk assessment models [25] . Diffusion coefficients of ethanol-gasoline blends are not available in any literature at any temperature.
The objectives of this work is to examine the effect of the addition of ethanol to gasoline on the diffusivity of the blend in air at different ethanol concentrations and operating temperatures.
Experimental work 1. Material
Gasoline free of ethanol was collected locally with octane number of 91 has the following properties. Ethanol was bought from Sigma Aldrich with 98% purity. It is used without any further purification. Ethanol was added to gasoline by volume to have E0, E5, E10, E20, E30, E40, and E100.
Equipment setup
Gaseous diffusion coefficient measurement apparatus was used. This equipment utilizes a high definition digital microscope linked to a PC to observe and measure the movement of the phase boundary of the liquid inside a capillary tube as the liquid diffuses into stationary air. Gasoline sample, contained inside a capillary tube, is maintained at a constant temperature by a PID controlled heated metal block. The block is heated by an electric cartage heater and kept at a constant temperature using an electrical control loop. The air is passed across the top of the capillary tube creating partial pressure difference between the gasoline sample surface and the following air stream. As the gasoline sample vapor from the liquid phase into the air stream, the amount of liquid is reduced and the phase boundary between the liquid and the air drops. Measurement the change in phase boundary with time will allow the molar mass transfer rate to be measured. A slot in the heated block allows the phase boundary to be observed using a high definition microscope. This microscope produces high definition images onto a standard windows computer. The software provided with the microscope includes high accurate measurement and an automated time laps facility either as video or multiple still images. The schematic diagram of the gaseous diffusion is shown in Figure 1 . (1) High definition USB microscope, (2) Measuring tool, (3) heater block, (4) capillary tube, (5) Air pumping to the capillary tube to allow diffusion of gasoline vapor in air to occur, (6) front display gauge and heater temperature controller, (7) power switch, (8) fan, to allow air through the capillary tube, (9) 25-watt electrical controller heater.
Discussion
The graphs of t L−L o versus (L-Lo) of all gasoline-ethanol mixtures at operating temperature 50 o C were plotted. The plot for pure gasoline at 50 o C is shown in Figure 2 . The parameters required to calculate the diffusion coefficient are shown in Table 3 . The diffusivity coefficient of gasoline (ON 91) and pure ethanol at 40 o C and 50 o C is shown in Figure 3 . This shown that the diffusion coefficient of ethanol is higher than gasoline. It is believed that the diffusion coefficient of ethanol -gasoline blend is increased at 20% ethanol. It is in concise with the work of other authors that the maximum allowable ethanol is 20 vol % because above this value more diffusion in air will occur which may contaminate the polluted area of air. The addition of ethanol is increasing the vapor pressure of the blend and above 20% of ethanol addition may leads to vapor lock in fuel line of the engine and this will reduce the performance of the combustion process of the fuel.
Conclusion
Diffusion coefficient and other properties of gasoline -ethanol blends play an important rule to some environmental transport or risk assessment. It is believed that it is important to include this property to other properties. The diffusivity coefficient of the blend increased with the addition of ethanol as well as the climate temperature. 
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